ABSTRACT: The magnetic fluorescent core-shell structured nanoparticles, Fe 3 O 4 @SiO 2 (F) @meso-SiO 2 nanoparticles (FSMSNp), with average diameter of 240 nm have been prepared and characterized. Glucose oxidase (GOD) was immobilized on them to form immobilized GOD.
INTRODUCTION
Magnetic nanoparticles have attracted much attention due to their unique magnetic responsivity and low cytotoxicity. When coated with a layer of silica, the obtained microspheres can readily dispersed in water. At the same time, it is conducive to further biological functionalization. The encapsulation of luminescent molecules in silica nanoparticles often increases their photostability and emission quantum yield. The preparation methods of core-shell structured nanoparticles are sol-gel method and inverse micro-emulsion method. The core-shell magnetic silica microspheres have shown great potential in bioseparation, enzyme immobilization, diagnostic analysis, and so on. In this paper, we prepared the magnetic fluorescent core-shell structured FSMSNp. Their core consisted of Fe 3 O 4 nanoparticle encapsulated in fluorescent dye Ru(bpy) 3 Cl 2 co-doped nonporous silica, their shell was made from ordered mesoporous silica.
GOD was immobilized on their surface and its storage stability was remarkably improved. 
Assay of GOD activity
A colorimetric method was used to determine the GOD activity [10] . The amount of GOD which oxidized 1 μmol substrate per min was defined as one unit of GOD activity.
Storage stability of GOD
The storage stability of free GOD and immobilized GOD was investigated by storing them at 4 °C for 30 days and determining their residual activity every five days.
Characterizations
The morphologies of FSMSNp were observed using a field emission scanning electron microscopy (ULTRA PLUS-43-13, Germany) and transmission electron microscopy (JEM-100 CXII, JEOL, Japan). FTIR spectra were recorded on a Thermo Fisher Nicolet spectrometer. XRD patterns were obtained on a PANalytical Empyrean diffractometer. Pore size and porosity measurements were performed by BET method on an ASAP 2020 instrument. The magnetic properties of FSMSNp were characterized using 4HF vibrating sample magnetometer (VSM).
The fluorescence spectra were recorded using a fluorescence spectrophotometer (F-4500, HITACHI, Japan). The activities of immobilized GOD were measured by spectrophotometer 561 (UV-2450, Shimadzu, Japan).
RESULTS AND DISCUSSION

Preparation and characterization of FSMSNp
FSMSNp were prepared by a multistep process. Figure 1 
Storage stability of immobilized glucose oxidase
The storage stability experiments were carried out at 4°C and the results are shown in Figure 4 .
Under the same conditions, the activity of immobilized GOD decreased at a slower rate compared to the free GOD. Immobilized GOD maintains 86% of its initial activity after stored for 30 days, while free GOD retains 61% of its initial activity. The storage stability of GOD is improved remarkably after the immobilization on the carrier. 
SUMMARY
The magnetic fluorescent core-shell structured nanoparticles FSMSNp were prepared and characterized. GOD was immobilized on the nanoparticles to form immobilized GOD. After immobilization, the storage stability of GOD was improved. Since the fluorescent dye Ru(bpy) 3 Cl 2 in the nanoparticles can be quenched by oxygen, these nanoparticles could have the application potential in multi parameter fiber optic biosensors based on enzyme catalysis and oxygen consumption.
